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Ahhotai^hh. B pa6oTe irayHaiOTCH CBOHCTBa npeflCTaBjiaioiipix ciictgm no/i,npocTpaHCTB 
", ii a6cojiK)THO npeflCTaBjiHiomiix ciiCTeM no,a,npocTpaHCTB b GanaxoBtix npocTpaHCTBax. 

KjnoMeBtie cjiOBa: 6aHaxoBO npocTpancTBO, npe,zi,CTaBjiHiomafl ciiCTeMa noflnpocTpaHCTB, 
, a6cojiiOTHO npeflCTaBjiaiomaa ciiCTeMa no/i,npocTpaHCTB. 
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1. BBEflEHHE 

IlycTb X — jiHHefiHoe HopMiipoBaHHoe npocTpaHCTBo Ha,n; nojieM K ^eiicTBHTejiBHBix hjih 
!^ ' KOMnjieKCHbix HHcejr, Xk, k ^ 1, — CHCTeMa no^npocTpaHCTB X (T.e. 3aMKHyTBix jiiiHeftHbix 

[t ! ! MHOJKecTB), KOTopyio mbi 6yn;eM oGosHanaTB S* = (X; Xj., k ^ 1). 

Onpe/i,ejieHHe 1.1. ([4J) CiiCTeMa S 1 Ha3BmaeTcs npeflCTaBjHnomefi: cucTeMoft no^npo- 

CTpaHCTB (nCII) B X, eCJIH npOH3BOJIBHBIH X G X MOJKHO IipeflCTaBHTB B BH^e X = 

J2T=i x ^ r ^e x fc G X k , k ^ 1. 

Otmcthm, hto b cjiynae 6aHaxoBa npocTpaHCTBa X b KHHre [12] (onpe,n;ejieHHe 15.21) 
qq ■ nCII b X Ha3biBaeTca nceB^opa3Jio>KeHHeM X. 
O ' 

Onpe/jejieHHe 1.2. ([4j) CiiereMa S Ha3BiBaeTca a6cojiioTHo npe,n;cTaBjiaioiu;eH ciicre- 

MOH nO^npOCTpaHCTB B X, eCJIH npOH3BOJIBHBIH X G X MOJKHO npe^CTaBHTB B BH^e X = 

Y,T=i x k, r ^e x k G X k , k ^ 1 h Y,T=i \\ x k\\ < oo. 



o 

(N 



X 



nCII h AnCIl aBjiaioTCii ecTecTBeHHbiM o6o6iu;eHHeM npeflCTaBjiHiomiix h aGcojiioTHo 
npe^cTaBji5iioiu;Hx chctcm (Bee X k o^HOMepHbi) (cm., HanpuMep, [3]). Onpe^ejieHHH nCII h 
AllCn mojkho ^aBaTb h b Gojiee hihpokhx Kjiaccax npocTpaHCTB, neM jiHHeftHBie HopMnpo- 
BaHHbie (cm.[1]); nCII h AllCn b pa3JiHHHbix Kjiaccax npocTpaHCTB H3yHajiHCb b pa6oTax 
K).<J>. Kopo6eiiHHKa, A.B. A6aHHHa, K.A.MiixaiijioBa h pp. (cm., HanpnMep, |4j,[lJ,[6j). B 
^aHHoii pa6oTe mm nsynaeM nCII h AllCn b 6aHaxoBbix npocTpaHCTBax. 

B naparpacpe [2] H3yHaioTca cBoftcTBa ncn b X, npHBe^eHbi flocTaTOHHbie ycnoBiia fljia 
Toro, hto6bi cneTHaa: ciicreMa no^npocTpaHCTB 6bijia ncn b X, ^oxasaHa TeopeMa 06 
yeroHHHBocTH nCn, a TaK>Ke noKa3aHa cbsbb Meyapy LlCn b rmiB6epTOBOM npoerpaHCTBe 
h npo6jieMoft TajiBnepHHa. 

B naparpacpe [3] npHBo^HTca pa3JiHHHBie KpnTepnn AllCn, HsynaioTca: cBoftcTBa AllCn 
bX. 

i 
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2. nPEflCTABJI^KDIUHE CHCTEMbI nOflnPOCTPAHCTB B BAHAXOBblX 

IIPOCTPAHCTBAX 

2.1. HeKOTopfaie CBoficTBa IICII b 6aHaxoBBix npocTpaHCTBax. IlycTB X — 6aHa- 
xobo npocTpaHCTBO, S = (X;X k ,k ^ 1) — CHcreMa ero no/xirpocTpaHCTB. BBe^eM HeoGxo- 
^HMBie o6o3HaHeHHa h onpe^ejiemiH. J^jih. HenycToro JcN onpe^ejiHM no/rnpocTpaHCTBo 
KaK 3aMBiKaHne jiHHeftHOH oGojiohkh no^npocTpaHCTB G /. 06o3HaHHM X* co- 
npH>KeHHoe npocTpaHCTBO k X; rjik G X* o6o3HaHHM y^ 5,7 ) cyxceHHe </? Ha S^ T \ 51cho, 
hto Lp( s, n G (S^)*. Jinn pa36neHHH ix = {I k } (k npoGeraeT KOHenHoe hjih cneTHoe hhcjio 
3HaHeHHii) MHoxcecTBa N onpeflejiHM 

F 1 (S,7r, V ) = J2y {SJk) lv£X*. 

k 

Pa36neHHe 7r MHOJKe ctb a N Ha30BeM nocjie^oBaTejiBHBiM, ecjin oho HMeeT ojxhh H3 cjie- 
jxyiouxiix flByx bh^ob: 

(1) MHoacecTBa I k = {n(k — 1) + l,n(k — 1) + 2, . . . , n(k)}, k ^ 1 ,h;jih HeKOTopoii 
BospacTaiomefi nocjie^oBaTejiBHocTH HaTypajiBHBix nnceji n(l) < n(2) < . . ., n(0) = 0. 

(2) MHOJKecTBa I k = {n(k — 1) + 1, ... , n(k)}, 1 ^ k ^ p, I p+ i = {n(p) + 1, n(p) + 2, . . .} 
fljia HeKOTopoii B03pacTaioH];eH nocjie^oBaTejiBHocTH HaTypajiBHBix nnceji n(l) < ... < 
n(p), n(0) = 0. 

TeopeMa 2.1. IJycmb S — IJCIJ e X. Tozda cyv^ecmeyem e > maKoe, umo 3aa npou3- 
eoAbHoeo nocAedoeamejibHoso pa36uenusi n MHowcecmea N eunoAneno 

(2.1) F 1 (S,n,<p)^e\\(p\l<peX*. 

floKasameA'bcmeo. Onpe^ejiHM npocTpaHCTBO 

oo 

D c = {£ = (x 1 ,x 2 , ■ ■ ■) 1 x k G X k ,k ^ 1, y^Xfc cxo^htch} 

fe=i 

c HopMoft ||£|| = sup^ ||xi + ... + Jlerxo npoBepHTB, hto D c 6aHaxoBo. Onpe^e- 
jihm jiHHeHHBiH onepaTop A : D c — > X paBeHCTBOM A(xi, x 2 , ■ ■ .) = YlT=i x k- Tor^a A 
orpaHHHeH (Gojiee toto, ||A|| ^ 1). IIocKOJiBKy S HBjineTCH IlCn b X, to Im(A) = X. 
Hb TeopeMBi npo oTKpBiToe oTo6pa:sceHHe cjie/xyeT cymecTBOBaHHe HHCJia M > Taxoro, 
hto fljis npoH3BOJiBHoro x G X cymecTByeT C, = (x±,x 2 , . . .) G D c , ^jih KOToporo x = At; 
h ||£|| $C -^H^ll- Tor^a x = J2T=i x k H ^ JIH Ka>K^;oro k ^ 1 ||xi + ... + ^ -^H^H- 
,H,jih HaTypajiBHBix I ^ onpeflejiHM x/^ = xi + . . . + x k , Tor^a ||^,jfc|| ^ 2M||x||. fljis 
nocjieflOBaTejiBHoro pasGneHHJi ir nepBoro BH^a h (p G X* HMeeM 

00 00 

\V( X )\ = \vC^ X n{k-l)+l,n{k))\ ^ ^|^(a;„(fc_i)+i,„(fc))| ^ 

fe=l fc=l 

00 

^ Y^\\V {S ' h) \\\\Xn{k-l)+l,n{k)\\ ^ 2M\\x\\F 1 (S,7T,ip), 
k=l 
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OTKyfla, b cHjiy npoH3BOJibHocTH x G X, Fi(S,7r,(p) ^ (l/(2M))||y?||. ,H,jih nocjie^oBaTejib- 
Horo pa36neHHJi it BToporo BH^a Taxas >Ke oueHKa ^0Ka3biBaeTC3 aHajioriiHHo . □ 

fljlSl nO^MHOJKeCTBa M C X o6o3HaHHM M MHO)KeCTBO BCeX if G X* TaKHX, HTO 

<p(x) = 0,x G M. HanoMHHM (cm., HanpHMep, naparpacp 15 KHiirn [12]), ^to cucTeMa no,n;- 
npocTpaHCTB Gki k ^ 1, GaimxoBa npocTpaHCTBa E Ha3biBaeTCH pa3jio>KeHHeM fflaynepa 
E, ecjiH fljiH Ka>K^;oro x G E cyuxecTByioT h e^HHCTBeHHbi Xk G Gk, k ^ 1, TaKne, hto 

Eoo 
fc=l x k- 

TeopeMa 2.2. nycmb S — IJCII e X . Toeda cucmeMa nodnpocmpaHcme X' k = f]j^. k Xj~, k ^ 
1 stejutemcsi pa3JiootceHUCM LUaydepa e 3aMUKanuu ceoeu auhcuhou o6oaohku. 

/^OKa3ameAhcmeo. ^ocTaTOHHo ,n;oKa3aTb, hto cymecTByeT e > 0, Taxoe, hto fljia npon3- 

BOJIbHblX HaTypajIbHBIX n,m H IipOH3BOJIbHbIX (f G Y2k=l ^'ki ^ ^ Sfc=n+1 X'k BbinOJIHeHO 

\\cp + ip\\ ^ e\\<p\\ (cm. TeopeMy 15.5 b [T2]). 

H3 TeopeMbi 12.11 cjie^yeT, hto cymecTByeT e > Taxoe, hto fljia npon3BOJibHoro no- 
cjie^OBaTejibHoro pa36neHH5i 7r BbinojmeHO HepaBeHCTBO (12. ip . IlycTb tp G Xwc=i^fc> ^ ^ 
5^fc=^+i X' k . Onpe^ejiHM pa36iieHiie tt Tax: I x = {1, 2, . . . , n}, J 2 = {n + 1, n + 2, . . .}. Tor,n;a 

iiv+V'ii ^ = ii^ (5,/i) ii = y {s ' h) \\ + y {s ' l2) \\ >e\\<Pl 

OTKy^a cjie^yeT HyjKHoe yTBepxc^eHHe. □ 

By^eM roBopiiTb, hto cncTeMa no^npocTpaHCTB S aBjiaeTca nepecTaHOBOHHoft nCIl 
(IinCn) b X, earn fljis npoH3BOJibHoii 6iieKiriiH a : N — > N cucreMa no^npocTpaHCTB 
S a = (X; X a ( k \, k ^ 1) HBjiHeTca nCIl b X. HanoMHHM (cm., HanpHMep, c.534 b [12]), hto 
pa3Jio>KeHHe Hlaynepa G k , k ^ 1 6aHaxoBa npocTpaHCTBa E Ha3biBaeTca: 6e3ycjioBHbiM, 
ecjiH KajK^biii cxo^mHitcH pafl BH^a 'Y^=i x ki x k ^ G k ,k ^ 1, cxo^htcs 6e3ycjioBHo. 

TeopeMa 2.3. Ilycmb S — IUJCII e X . Tosda cucmeMa nodnpocmpaHcme X' k = Diyjc k ^ 
1 HeAHemcsi 6esycA06HUM pa3AootcenueM LUaydepa e 3aMUKaHUu ceoeu auhcuhou o6oaoh- 
ku. 

JJ,OKa3ameAt>cmeo. Bocnojib3yeMCH cjie^yionniM yTBep^K^emieM (cm. TeopeMy 15.18 b [12]): 
ecjiH G k , k ^ 1, — cncTeMa no^npocTpaHCTB GaHaxoBa npocTpaHCTBa E, npaneM 3aMbiKa- 
Hne jiHHefiHOH o6ojiohkh Gk, k ^ 1, paBHo E, to Gk, k ^ 1, HBjiaeTca 6e3ycjioBHbiM pa3Jio- 
jKeHneM LQay^epa E Tor^a 11 TOJibKo Tor^a, Kor^a fljis npoH3BOJibHofl 6HeKn;HH a : N — > N 
cncTeMa no^npocTpaHCTB G a nA,k ^ 1, aBjiaeTca pa3Jio>KeHHeM LQay^epa E. Tenepb H3 
TeopeMbi 12.21 cjie^yeT HyjKHoe yTBep>K/i;eHHe. □ 

2.2. ^ocTaTOHHoe ycjiOBne flJia Toro, hto6m CHCTeiwa no/],npocTpaHCTB SbiJia 

IICII b X. IlycTb X — jTHHeliHoe HopMiipoBaHHoe npocTpaHCTBO, S = (X;Xk,k ^ 1) - 
cncTeMa ero no^npocTpaHCTB. J\jik MHoacecTBa F C X h sjieMeHTa x G X o6o3HanHM 
c?(x, F) paccToaHHe ot x j\o F . Onpe^ejiHM MHoxcecTBo 

A(S) = {x G X I liminf rf(x,X fc ) = 0}. 

fc— >oo 
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TeopeMa 2.4. Ecau 30MUKanue JiuHeunou oBoaohku A(S) paeno X , mo S siejitiemcsi 

nncn ex. 

JJoKasamejibcmeo. OneBimHO, rjik npoH3BOJit.Hofl Giieioriiii a : N — > N A(S' cr ) = A(5). 
IIosTOMy ^ocTaTOHHo ^,OKa3aTb, hto npoH3BOJibHaa cHCTeMa no^npocTpaHCTB S, yzjoBjie- 
TBopHiomaa ycjioBHio TeopeMM, HBjiaeTca nCII b X. 

^ocTaTOHHo ^;oKa3aTb, hto npon3BOJibHbift x G X, \\x\\ < 1 MoaceT 6bitb npe,ri,CTaBjieH b 
BH^e x = YlT=i r ^ e Xk e HTax, nycTb x G X, ||x|| < 1. ^jih fc = 1, 2, . . . npo^ejiaeM 
cjieflyiomHe onepairiiii. 

IlycTb fljis HeKOToporo ^ 1 y Hac yace onpe^ejieHti HaTypajiBHBie HHCjia N(l, i,j) fljis 
Z = 1, . . . , k — 1, % — 1, . . . , r(l), j = 1, . . . , iV(7) ii sjieMeHTbi yi^j G Xj^n^^, npiineM 

fc-l r(0 AT(i) 

ii--EEE^ii<2- ,i -" 

j=i i=i j=i 



(fljifl /c = 1 Hiinero He onpe^ejieHo). 06o3HaHHM z = x — Yli=i Yli=[Ylj=i Vi,i,ii Tor fl a 
|| z || < 2~( fc_1 ) (flJia = 1 onpe^ejiaeM 2 = x). CymecTByeT N(k) G N h sjieMeHTbi 
3;^^ G A(S),j = 1, . . . , N(k), Taxiie, hto 

AT(fc) 

(2.2) || z _^ XfcJ || < 2 - fc . 
BbiGepeM r(k) G N Tax, hto6m 

(2.3) KiAWII < 2- fe (iV(A;))- 1 , j = 1, . . . , iV(fc). 
HepaBeHCTBO (12. 2p nepeniiiiieM b Bii^e 



/„ . * I, + • • • + x k,N(k) , X k,l + • • • + x k,N(k) \ ,, 9 _ 

1 j 112 ~ I ^) + ' ' ' + Hk) ) 11 < 



r(k) 

H3 ||z|| < 2~( fc ~ 1 ' ii (12. 2p cjie,n;yeT, hto || Ylf=i x k,j\\ < 2~( k ^ + 2~ k . IIosTOMy fljia npoii3- 
BOJibHoro a — 1, ... , r(k) — 1 HMeeM: 

/ 25 x II X k,l + • ■ • + gfc.JV(fc) gfc.l + ■ ■ ■ + %k,N(k) || ^ g-(fe-l) , o-fc 

r(fe) r(A;) 

V v ' 

a 

5Icho, hto Xk,j/r(k) G A(S') fljia j = 1, . . . , N(k). Hcnojib3ya HepaBeHCTBa (I2.3p . (l2.4p . (l2.5p 
Hecjio>KHo BH^eTb, hto cymecTByioT HaTypajibHbie Hiicjia N(k,i,j),i = 1, . . . , r(k);j = 
1, . . . , N(k) ii sjieMeHTbi Vk,i,j G X^fu^, Taxiie, hto 

(1) N(k — l,r(k — l),N(k — 1)) < N(k, 1, 1) (rjir k = 1 sto ycjioBHe OTcyTCTByeT); 
AT (A;, i, j) < N(k, i', j') ecjiii % < %'\ N(k, i, j) < N{k, i, f) ecjiii j < j'; 



(2) lk-Effi ) ES ) ^ill<2- fe ,T.e. 

k r{l) N(l) 

1=1 i=l j=l 

(3) fljia npoH3BOJit.Horo a — 1, . . . , r(k) — 1 

a iV(fe) 

||^^ 2/MJ ||<2-(^) + 2^ 

(4) ll^-ll < 2- fc (iV(A;))- 1 A jix Bcex i = 1, 2,..., r(k),j = 1,2,..., N(k). 
,H,eficTBHTejibHo, cHanajia Bt>i6epeM N(k,l,l) ny(k,l,l) (^ocTaTOHHo 6jih3ko k Xk t i/r(k)), 

3aTeM N(k, 1,2) h 2/^,1,2 (^ocTaTOHHo 6jih3ko k Xk,2/r{k)), . . ., 3aTeM N(k,l,N(k)) h 
Dk,i,N(k) (AOCTaTOHHO 6jih3ko k Xk,N (k) / 'r(k)) , 3aTeM nepexo,n;HM k BL»i6opy «BTopoii rpyn- 
nbi»: N(k, 2, 1) 11 y(k, 2, 1) (^ocTaTOHHO 6jih3ko k Xk,i/r(k)) 11 t.,h;. 

BbinojimiB TaKne onepau,HH, nojiyHHM Ha6op 3ji6M6htob yi^j G Xjya,i,j), r,n;e / = 1, 2, . . ., 
i = l,...,r(/), j = l,2...,iV(Z). IIo nocTpoeHHio N(l,i,j) < N(l',i',f) earn I < /'; 
N{l,i,j) < N(l,i',f) ecjiH i < i'; N{l,i,j) < N(l,i,f) ecjin j < f. IIoKajKeM, hto 

(2.6) x = 2/1,1,1 + 2/1,1,2 + . . . + J/i,i,jv(i) + 1/1,2,1 + • • • + yi,2,JV(i) + • • • + 

+ yi,r(l),l + • • • + yi,r(l),JV(l) + 2/2,1,1 + • • • + 2/2,l,Af(2) + 2/2,2,1 + • • • 



^jia 3Toro paccMOTpiiM cyMMy nepBBix s uieHOB pa^a b npaBoft nacTH ( 12. 6p . IIpe^cTaBHM 
s b BH,n;e s = r(l)JV(l) + ... + r(k - l)N(k - 1) + aN(k) + b, r^e ^ a ^ r(A;) - 1, 

O ^ iV(ife) - 1. 0lJ6HHM 

Jfc-l r(0 Af(0 a N(k) b 

s, = \\ x -^2J2J2vi,i,j -J2^2yk,i,j-J2vk,a+i,j\\- 

i=i i=i j=i i=i j=i j=i 

H3 nocTpoeHHa yj^^ cjie^yioT on;eHKH 

k-l r(i) AT(Z) 

(2.7) ik-EEE^n<2- (fe - 1) , 

i=l i=l j=l 

(2-8) IIEE^m'II < 2-^) + 2- fc , 

i=i j=i 



(2-9) ll^^+ull < NiW^iNik))- 1 = 2~ k . 

H3 HepaBeHCTB (j2.7p . (l2.8p . (l2.9p cjie^yeT S s < 6 • 2~ fc — > 0, s — >■ 00. IlosTOMy cnpaBe,n;jiHBo 
paB6HCTBO (12. 6p . ,H,onojiH5i5i ero b HyjKHBix MecTax HynaMii, nojiyniiM HCKOMoe pa3JK»KeHHe 

x = EfcLi^fc, %k e x k . □ 
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ripHBe^eM npHMep chctcmbi S, fljia KOTopoft BbinojmeHO ycjiOBHe TeopeMbi 12.41 /Jjiii 
flfijx no^npocTpaHCTB Y, Z npocTpaHCTBa X onpe^ejiHM 

(2.10) Po (Y, Z) = sup{c%, Z) | y G Y, \\y\\ = 1}. 

IIpHMep 2.1. IlycTB cHCTeMa no^npocTpaHCTB Yj,j G A (A — HexoTopoe mhojkcctbo hh- 
^eKcoB) TaxoBa, hto 3aMbiKaHHe jiiiHeftHoii oGojiohkh Yj,j G A paBHo X. IlycTb cncreMa 
S = (X;Xk,k ^ 1) TaxoBa, hto rjik KajK^oro j G A cymecTByeT nocjie^oBaTejiBHocTb 
HaTypajibHbix nnceji k{l) < k{2) < . . ., fljia KOTopofl lim^oo po(Yj, Xk( n )) — 0. Tor^a fljia 
KajK^oro j G A Yj C A(S'). IIosTOMy 5 ynpBjieTBopaeT ycjioBHio TeopeMbi 12. 4[ a 3HanHT, 

HBjiaeTCH ncn b X. 

3aMenaHHe 1. Ecjih cuereMa S ynpBjieTBopneT ycjioBHio TeopeMbi 12. 4[ to fljia: KajK^o- 
roneN CHCTeMa <S7^ n ) = (X;Xfc +n _i, A; ^ 1) Taxace ynpBjieTBopneT ycjioBHio TeopeMbi 
12. 4^ a noaTOMy HBjineTca: nCII b X. IIoBTOMy rjik Kaac^oro n G N 3aMbiKaHHe jinHeftHon 
oGojiohkh no^npocTpaHCTB k ^ n paBHo X. IIocjie^Hee ycjiOBHe He sbjihctch ^ocTaTon- 
hmm fljia Toro, hto6bi S Gbijia nCII b X. 3to noKa3biBaeT cjie^yioiixHH npnMep (kotopbih 

OTHOCHTCH K MaTeMaTHHeCKOMy cpojibKjiopy) . 

nycTb X = L p ([0, 1], dx) (p G [1, 00)), no^npocTpaHCTBO X& nopox^eHO x k , k ^ (HaM 
yn,o6Hee HyMepoBaTb no^npocTpaHCTBa HHcnaMH 0,1,2,..., a He 1,2,...). Tor^a fljia Bcex 
n ^ 3aMbiKaHHe jihhchhoh oGojiohkh X^, k ^ n paBHo X, ho S He ecTb ncn b X. 
^eficTBHTejibHo, ecjin f(x) = Y2T=o akxk (cxo^HMocTb no HopMe npocTpaHCTBa X), to 
||afcX fc || — > 0, k — )■ 00, a nosTOMy fljia Bcex flocTaTOHHo Gojibhihx |a&| ^ (/cp + l) 1 ^. 
no3TOMy f(x) G C°°([0, 1)). 

2.3. 06 oflHOM flocTSTOiHOM ycjiOBHH RJisi Toro, hto6bi x £ X /],onycKaji pa3Jio- 
MeHHe no CHCTeMe no/],npocTpaHCTB S b cjiynae rHJiL»6epTOBa npocTpaHCTBa X. 

nycTb X — rnjibGepTOBo npocTpaHCTBo. J^jik no^npocTpaHCTBa Y G X o6o3HannM Py op- 
TonpoeKTop Ha Y . nycTb S = (X; X&, k ^ 1) — CHCTeMa no^npocTpaHCTB X. PaccMOTpHM 
npoH3BojibHbiH x G X h nonpo6yeM pa3Jio>KHTB ero no CHCTeMe no^npocTpaHCTB S, T.e. 
npe^cTaBHTB b BH,n;e x = YlkLi r,n;e Xk G Xk, k ^ 1. 

EcTecTBeHHo nonpo6oBaTb onpe^ejiHTb ncKOMoe pa3Jio>KeHHe cjieflyioinHM o6pa30M: 

x = P Xl x + (/ - P Xl )x = P Xl x + P X2 (I - P Xl )x + (I - P X , 2 )(I - P Xl )x = ...= 

n 

= Px k (I - Px k _,) -..{I- P Xl )x + (/ - P Xn ) ...(/- P Xl )x = ... 

k=l 

Onpe,n;ejiHM onepaTopti E = I, E n = (I — P Xn ) ...(/ — P Xl ),n ^ 1. 06o3HannM x n = 
P Xn E n _ix, n ^ 1, Tor,n;a x = 5^fe=i ^fc + ^n^c, n ^ 1. TaKHM o6pa30M, nojiynaeM cjie^yiom;ee 
yTBepjK^eHHe. 

yTBepiK/jeHHe 2.1. E'c/im -E n x — > 0, n — > 00, mo x = Y^kLi x k- 

TaKHM o6pa30M, ecjin nocjie^oBaTejibHocTB onepaTopoB E n cxo^htch k chjibho npn 
n — y 00, to CHCTeMa no^npocTpaHCTB S hbjihctch ncn b X. O^Haxo Bonpoc o chjtbhoh 
cxo^hmocth E n k Mo>KeT oKa3aTBCH oHeHB cjiojkhbim. PaccMOTpHM cjieflyioni,HH npHMep. 



IlycTb N E N, Hk,l ^ k ^ — no^rnpocTpaHCTBa X, npnneM P)fcLi Hj~ = 0. IlycTb 
OTo6paaceHHe z(-) : N — > {1,2,..., A^} TaKOBO, hto + 1) 7^ i(k), fc^la Ka>K^;oro 
m G {1, 2, ... , AT} cymecTByeT GecKOHeHHO mhoto k, rjik KOTopbix i(k) = m. Onpe^ejiHM 
X k = H i{ky k ^ !■ Tow P„ = Pf/ l(n) • . .Pff i{1) ,n ^ 1. IfeBecTHo, hto P n cxo^htch k 
cjia6o npn n — >■ 00 (cm. [9]). Bonpoc o chjibhoh cxo^hmocth P n k npii n — > 00 Ha3biBaeTca: 
npo6jieMoli TajiBnepHHa h aBjiaeTca Hpe3BbmaHHo cjiojkhbim (cm., HanpuMep, [10]). B to 
yae BpeMa 113 TeopeMbi 12.41 cjienyeT. hto S aBjiaeTca nCII b X. 

2.4. ycTOHHHBOCTb IICII b 6aHaxoBBix npocTpaHCTBax. IlycTb X — 6aHaxoBo npo- 
CTpaHCTBO, S = (X;Xk,k ^ 1) — cucTeMa no^npocTpaHCTB X. Mbi noKaaceM, hto ec- 
jih no^npocTpaHCTBa X^,X^ ^ocTaTOHHo «6jih3kh», k ^ 1, to cucreMa no^npocTpaHCTB 
5* = (X; Xk, k ^ 1) TaKJKe aBjiaeTca nCII b X. 3a Mepy «6jih30cth» no^npocTpaHCTB 
Bbi6epeM BejiHHHHy p (Xk, X^), onpe^ejieHHyio cpopMyjiofi f)2.10p . JXjis ,noKa3aTejiBCTBa 
cooTBeTCTByiomHx pe3yjibTaTOB mm o6o6mHM pe3yjibTaTbi naparpacpoB 2,3 paGoTbi [7J, b 

KOTOpOH paCCMaTDHBaiOTCH CHCTeMbI O^HOMepHblX nO^npOCTpaHCTB, Ha npOH3BOJIbHbie CH- 

CTeMbi no^npocTpaHCTB. 

BBe^eM HeoGxo^HMbie onpe^ejiemis: (o6o6maioiiiHe onpe^ejieHHa naparpacpa 2 pa6oTbi 
[7]). flpa. Ha6opa P = (x±, . . . , x n ), rp<e Xk E Xk, 1 ^ k ^ n, onpe,n;ejiHM £(P) = Y^k=i x ki 
a TaKJKe 



0s(P) = max II > Xj\\. 

1 <b<r> " ^ ' J 



3=1 

^jia iel,£>0 onpe^ejiHM 

s (a;,e) = inf{0 5 (P) | ||£(P) - z|| < e}. 
(Mbi cHHTaeM, hto inf(0) = 00.) A- 113 £ G X onpe^ejiHM 

6q(x) = sup{6 5 (x,e) I e > 0} = lim ©s(x, e). 

HaKOHen;, onpe^ejiHM 

5 = sup{6 s (a;) | ||x|| ^ 1}. 

Cjie,ri;yioiri;He ^Be jieMMbi h TeopeMa ,n;oKa3biBaioTca tohho Tax :»ce, k&k jicmmbi 1,2 h 
TeopeMa 1 b [7J. 

JleMMa 2.1. Ecau <d*s{x) < 00 <?a« npou360AbHOSo x E X, mo Q*s{x) — HopMQ, na X, 
3KeueaAeHmHaji \\ ■ \\. 

JleMMa 2.2. Ecau 3jih neKomopux a E (0,1), B > eunoAneno Qs{x,a\\x\\) ^ P||x||,x E 
X, mo Q* s {x) ^ y^||x||,x E X. 

TeopeMa 2.5. CAedymv^ue ymeepofcdenusi sKeueaAenmHu: 

(1) S neAsiemcsi 12 Cn e X, 

(2) cyv^ecmeymm a E (0, 1), B > 0, mame, umo 3ah npou360At>H020 x E X 

Qs( x , a \\ x \\) ^ IMI> 

(3) 5 (x) < 00 Bar npou360AbHoeo x E X , 
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(4) e 5 < oo. 

Tenept> ycTaHOBHM TeopeMy 06 ycroHHHBocTH nCII b X. 

TeopeMa 2.6. IJycmb S — IJCIT e X . Ecau cucmeMa nodnpocmpancme S = (X; X k , k ^ 
1) maKoea, umo Ylk^i Poi-^-k, X^) < (2G5) -1 , mo S fiejisiemcsi UGH e X. 

/^OKasameAbcmeo. ,H,oKa3aTejibCTBo aHajiorHHHo ,2poKa3aTejibCTBy TeopeMbi 2 b [7]. IlycTb 
x E X,x ^ 0. IlycTb e > 0. CymecTByeT P = {x\, . . . , x n ),Xk G Xk, TaKofi, hto 

||x-E(P)|| ^e, © S (P) ^e s (l + e)||x||. 

Tor^a \\xk\\ ^ 265(1 + e)||a;||,l ^ k ^ n. 06o3HaHHM dk = po(Xk, Xk), k ^ 1. ,U,Jia 
npoH3BOJiBHoro k, 1 ^ k ^ n, cymecTByeT Xk G Xk, RRR KOToporo \\xk — Xk\\ ^ dk(l + 
e)||a;jfe||. OnpeflejiHM P = (x±, . . . ,x n ). Tor^a 



||z-E(P)|| ^ ||x-E(P)||+||E(P)-E(P)|| ^ e+J^ d k (l+e)\\x k \\ ^ e+2Q s (l+e) 2 \\x\\ ^ d k . 

k=l k=l 

J\jik npoH3BOjibHoro m, 1 ^ m ^ n, HMeeM 

m m m m 

W^XkW s= \\J2 X *W + \\J2@ k ~ Xk ^ ^ ®s(l + e)\\x\\ +2Q s (l + £) 2 \\x\\J2 dk - 

k=l k=l k=l k=l 

SacpiiKcupyeM a G (2G5 dk, 1)> P > ©5 + 2©s5^fcli^fe- Hpn ^ocTaTOHHo MajioM 
e > H3 ^;oKa3aHBix HepaBeHCTB HMeeM Qg(x, Qf||rr||) ^ P||#||- IIosTOMy S aBjiaeTca nCII 
bX. □ 

3. ABCOJIK3THO nPEflCTABJ15IK)II];HE CHCTEMbI nOflllPOCTPAHCTB B BAHAXOBblX 

IIPOCTPAHCTBAX 

3.1. KpHTepHH AI1CII. IlycTB X — 6aHaxoBO npocTpaHCTBO, S = (X;X k ,k ^ 1) - 
ciicTeMa no^npocTpaHCTB X. Onpe^ejiHM l\{Xx, X%, . . .) xax mho^kcctbo nocjie^oBaTejib- 
HOCTett £ = (xi, x 2 , . . .), x k G Xfe, fljia KOTopbix ||£|| = J2T=i \\ x k\\ < 00 • ^cho, hto 
X2, ■ ■ .) — GanaxoBO npocTpaHCTBO. Onpe^ejiHM onepaTop A : h(Xi, X2, ■ ■ ■) —> X 
paBeHCTBOM A(xi,X2, ■ ■ .) = YlT=i x k- CucTeMa S HBjiaeTca AllCn b X Tor^a h TOJibKo 
Tor^a, Kor^a Im(v4) = X. Xopoino H3BecTHO, hto sto paBHOCHJibHO TOMy, hto A* : X* — > 
(h(Xi, X2, ■ ■ .))* 3BjiaeTC3 H30MopcpHbiM Bjio>KeHHeM, T.e. fljia HeKOToporo e > ||^4*y|| ^ 
ell^HjV 3 G X*. JlerKO BH^eTb, hto (li(Xx, X2, . . .))* = /^(X*, X|, . . .) — MHOJKecTBO Bcex 
nocjieflOBaTejibHocTeft r\ = (i^x, <p 2 , ■ ■ ■), <Pk G X£, rjih kotopbix \\r)\\ = sup fc \\<fk\\ < °°- 
IIpH 3tom ^eficTBHe r](£) = YlT=i JlerKO BHfleTb, hto A*Lf = (Lp( s,1 \ Lp( s ' 2 \ . . .), r^e 

ip(.s,k) oSosnaTjgHo cyaceHHe Ha X k . TaKHM o6pa30M, nojiynaeM cjieflyiomyio TeopeMy. 

TeopeMa 3.1. S aeAfiemcM APtCIJ e X mosda u moAbKo modda, Kozda cymecmeyem e > 
maKoe, umo 

(3.1) sup||^ fc )|| >ey\\,<peX*. 
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Otmcthm, hto TeopeMv 13.11 MoacHo ccpopMyjinpoBaTb cjie^yroirrnM o6pa30M (yMeHbinnB 
e): S aBjiHeTca AllCn b X Torjj,a n tojibko Tor^a, Kor^a cymecTByeT e > Taxoe, hto 
fljiH npoH3BOjibHoro (f G X*, \\ip\\ = 1 cymecTByioT k ^ l,x G Xk, \\x\\ = 1 Taxne, hto 
\<p{x)\>e. 

IIoHsiTiie AllCn TecHo cBH3aHo c noHsiTneM a6cojiioTHo npe/^CTaBjiHioinero ceMencTBa 
(AITCm). HanoMHHM (cm., HanpHMep, [5]), hto mhojkcctbo D G X Ha3biBaeTcs AIICm b X 
ecjiH fljia npoH3BOJibHoro x G X cymecTByioT a,j G K, Xj G D, Taxne, hto x = Y^jLi a j x j 
h 5^^! < oo. AIICm b 6aHaxoBBix n rnjiBGepTOBbix npocTpaHCTBax H3yHajincb b 

[13j,[2j,[8j- ^jih cHCTeMti no,n;npocTpaHCTB S onpe^ejiHM D(S) = [Jl =1 {x G Xk, \\x\\ = 1}. 
5Icho, hto S hbjihctch AIICII b X Tor,n;a n tojibko Tor/xa, Kor/j;a D(S) hbjihctch AIICm b 
X. 

IIpHBejj;eHHBiii KpnTepnn ,a;jia: AIICII (cm. a63an, nocjie TeopeMbi 13. 1 p mojkho nojiynnTb 
H3 cjie/xyioinero xopomo H3BecTHoro KpnTepnn fljia AIICm (cm., HanpHMep, TeopeMy 1 b 
[5], TeopeMy 2.1 b [13]), KOToptin npKa3BiBaeTcn aHajiorHHHo TeopeMe 13.11 (Mhojkcctbo D 

Ha3BIBaeTCH HOpMHpOBaHHBIM, ecjiH ||x|| = l,x G D.) 

TeopeMa 3.2. Ilycmt D — HopMupoeauHoe Mnoofcecmeo e X. D aejisiemcfi AIICm e X 
mosda u moAbKO mozda, nozda cymficmeyem e > maKoe, umo 3ah npou3eoAt>H080 if G 
X*, \\ip\\ = 1, cym,ecmeyem x G D maKou, umo \<f(x)\ ^ e. 

,H,ajiee mbi npKanceM Kpnrepnn jj;jih AIICm b X, H3 KOToporo HenocpencTBeHHo cjie/xyeT 
KpnTepnn ^jih AIICII b X (bmccto D B3HTB D(S)). Cjie^yroinan TeopeMa o6o6maeT 
TeopeMy 3b (8]h noKa3tiBaeT, hto b TeopeMe 13.21 vcjiOBHe npoH3BOJiBHOCTH if G X* mojkho 
ocjiaGnTb. (ByneM tobophtb, hto D TOTajiBHo b X, earn 3aMBiKaHHe jinHenHon oGojiohkh 
D paBHo X). 

TeopeMa 3.3. Tlycmb X — 6anaxoeo npocmpaHcmeo, Y — KoneHHOMepnoe nodnpocmpan- 
cmeo X , D — momaAbuoe e X HopMupoeannoe Mnootcecmeo. D neAHemcsi AIICm e X 
mosda u mo/ibKo mosda, Koeda cymecmeyem e > maKoe, umo 3ah npou3eoAt>nozo (p G 
Y x , \\ip\\ = 1 cymecmeyem x G D manou, umo \<fi(x)\ ^ e. 

JXjis jj,oKa3aTejibCTBa HaM HyjKHa cjie/xyioiiiaH jieMMa (KOTopan othochtch k MaTeMara- 
necKOMy cpojiBKjiopy) . 

JieMMa 3.1. Ilycm-b Y,Z — nodnpocmpancmea 6anaxoea npocmpancmea X . Ecau YC\Z = 
u Y + Z = X , mo cyu^ecmeyem c > maKoe, umo 3asi npou380M>nux y G Y, z G Z 
||3/ + z|| ^ c( || 1| + ||;z||). 

JJ,oKa3ameAt>cmeo. Onpe,n;ejiHM npocTpaHCTBo Y © Z xax mhojkcctbo nap ^ = (y,z),y G 
Y, z £ Z, c HopMon ||£|| = ||y|| + ||^||. 5Icho, hto Y © Z GaHaxoBo. Onpejj;ejiHM onepaTop 
A : Y © Z — > X paBeHCTBOM A(y, z) = y + z. Tor^a A orpaHnneH, ker A = 0, ImA = X. 
IlosTOMy A o6paTHM, oTKyjj;a Henocpejj;cTBeHHo cjiejj;yeT Hy>KHoe yTBepjKjj^eHne . □ 

/joKa3ameAbcmeo meopeMu \3.3[ Heo6xojxnMocTB oneBn^Ha. ,H,oKa>KeM jj,ocTaTOHHocTB. Ilpe^- 
nojio>KHM, hto D — He AIICm b X. IIocKOjiBKy Y KOHeHHOMepHO, to oho jo;onojiHHeMO b 
X, T.e. cymecTByeT no^npocTpaHCTBo Z Taxoe, hto Yr\Z = 0nY + Z = X. Cym;ecTByeT 
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c\ > Taxoe, hto 

(3.2) \\y + z\\ > Cl (\\y\\ + \\z\\),yeY,zeZ. 

BbiGepeM b Y HopMnpoBaHHbin 6a3nc ei, . . . , e m . CymecTByeT c 2 > Taxoe, hto rjik npo- 

H3BOJIBHBIX ti, . . . , t m G K || X)fcLl ^ e fc|| ^ C 2 ^]feLl 

PaCCMOTpHM npOH3BOJIBHOe 5 > 0. IlOCKOJIbKy D TOTajIBHO B X, CymeCTByiOT SJieMeHTBI 
/l, . . . , f m H3 JIHHeHHOH 060JIOHKH .D, TaKHe, HTO ||efe — /fe|| < 5, II /fe|| = 1 flJIH = 1, ... ,171. 

5Icho, hto {/1, . . . , / m }U-D He HBjiHeTCH AIICm b X. IIo3TOMy cymecTByeT f G X*, |M| — 1 
TaKoii, hto |<^(/fe)| ^ 5 fljia 1 ^ k ^ m, |<p(x)| ^ 5 fljia x £ D. Onpe^ejiHM jinHenHbie 
cpyHKHHOHajiBi t/),rj paBeHCTBaMH i[)(y + z) — f(z), r](y + z) — <p(y), y G Y, z G Z. H3 
HepaBeHCTBa (13. 2p cjie^yeT, hto ip,T] & X*. Bojiee Toro, if> G y- 1 , 77 G Z -1 . 
On,eHHM ||?7||. IlycTB y eY, y = ]Cfcli*fc e fc- Tor^a 

mm m 

\f(y)\ < Mfi^l < l**KM e * - A)l + Hfk)\) < |tfe| < 25c 2 - 1 ||y||. 

fe=i fe=i fe=i 

IIosTOMy fljiH npon3BOJiBHBix y G K, z G Z 

|77(2/ + ^)| = \ V (y)\^25c 2 1 \\y\\^2c^c 2 1 5\\y + z\\. 

IIojiojkhm c 3 = 2c5" 1 c 2 " , Tor,n;a ||ry|| ^ c 3 5. 

IIocKOJiBKy \\ip\\ = 1, to II^H ^ (1 — c^S). ^Jia npOH3BOJIBHOrO x G -D IVK^OI ^ ^(1 + c 3)- 
IIojiojkhm ^> = ^/H^ll. Tor^a if) G l^ -1 , H^H = 1- A^ 51 npon3BOjibHoro x E D \ij)(x)\ ^ 
5(1 + C3)/ (1 — C38). Ltpn ,n;ocTaTOHHo Majitix 8 nojiyHHM npoTHBopenne. □ 

PaccMOTpHM AllCn b paBHOMepHo rjia^KHx npocTpaHCTBax (AIICm b paBHOMepHo rjiafl- 
khx npocTpaHCTBax H3yHajiHCb b |13j,[2j). HanoMHHM onpe^ejieHHe paBHOMepHo rjia^Koro 
npocTpaHCTBa. Onpe^ejiHM Mo^yjib rjia^xocTH npocTpaHCTBa X paBeHCTBOM 

p(r) = sup{(||x + y\\ + ||x - y\\)/2 - 1 | = 1, ||y|| = r}, r > 0. 

X Ha3biBaeTCH paBHOMepHo rjia^KHM ecjin p(r)/r — > npn r — > 0. Am* Hac paBHOMepHo 
rjia^KHe npocTpaHCTBa Ba>KHBi no cjie^yromen npnHHHe: KaK mm yBH^HM npn flOKa3aTejib- 
CTBe cjie^yroinen TeopeMM, ecjin S — AI1CII b paBHOMepHo rjia^KOM X, to fljis: Kaacfloro 
x £ X pa3JiojKeHHe x b aGcojiioTHo cxoflamnfica pup, no cncTeMe no^npocTpaHCTB S 1 mojkct 
6biTb nojiyneHo npocTbiM «ecTecTBeHHbiM» o6pa30M. 

By^eM roBopnTB, hto MHoacecTBO A HBjiaeTCH A-ceTbio fljia MHOJKecTBa B, ecjin fljia 
npoH3BOJibHoro x G B cym;ecTByeT y G A TaKoii, hto ||x — y|| ^ A. 06o3HaHHM Vx = 
{x G X, \\x\\ = 1}. HanoMHHM, hto ^jia cncTeMti no^npocTpaHCTB S = (X;Xk,k ^ 1) 

TeopeMa 3.4. nycmb X — paenoMepno ZAadxoe 6anaxoeo npocmpancmeo. Tosda ymeep- 
otcdeHUH paenocuAbHu: 

(1) S = (X; Xfe, k ^ 1) nejisiemcH AlJCn e X , 

(2) cyv^ecmeymm r, A G (0, 1) maKue, umo tD(S) —X-cemt 8aji Vx, 

(3) A 5 = sup llxll=1 mf k>1 d(x,X k ) < 1. 
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r lJoKa3ameA'bcm60. (1) =>- (2). JJjin ^eftcTBHTejiBHoro npocTpaHCTBa X HyjKHoe yTBepjK^e- 
Hiie cjie^yeT 113 TeopeMBi 3.1 b [13]. ^jis KOMnjieKCHoro X paccMOTpiiM X k&k npocrpaH- 
ctbo Hafl R h 13 ynoM2HyTofi TeopeMBi nojiyHHM Hyaoioe. 

(2) (3). OHeBH^Ho. 

(3) =>• (1). /JoKaaaTejibCTBo aHajioriiHHo ^;oKa3aTejiBCTBy TeopeMBi 3 b [2]. OiiKcupyeM 
A G (As, 1). PaccMOTpHM npoH3BOJiBHBili x G X. CymecTByioT *(1) G N, Xi G Xj(x) TaKiie , 
hto ||x — Xx|| ^ A||x||. Oripe^ejiHM y x = x — xi, Tor^a \\yi\\ ^ A||x|| h x = X\ + y\. ^ajiee 
npo^ejiaeM aHajioriiHHyio npon;e,nypy. IlycTb mbi HMeeM pa3Jio>KeHHe x = xi + . . . + x k + y k - 
CymecTByioT i(k + 1) G N, Xk+i G X^k+i) TaKHe, hto \\y k — 2?&+i|| ^ ^Ill/fell- Onpe^ejiHM 
Vk+i = Vh - %k+i, Tor^a \\yk+i\\ < A||?/ fe || h x = x x + . . . + x k+1 + y k+1 . HiyxyicuHeii no k 
jierKo y cTaHOBHTB , hto \\yk\\ ^ A fc ||x||,A; ^ 1. IIosTOMy 

00 

(3.3) x = ^2x k . 

k=l 

5Icho, hto \\x k \\ < A fe-1 (l + A)||x||, k ^ 1, nosTOMy J^fcli ll^Jfcll ^ ((1 + ~~ A^ 51 
fc ^ 1 onpeflejiHM z k = J2j-.i(j)=k x Ji Tor Aa z k G X fc . H3 (pT3"|) HMeeM 2 = J^feli z fe- 1=1 

3aMenaHHe 2. B pa6oTe [2] ,n;oKa3aHo, hto Kaac^as AIIC (o^HOMepHBix no^npocTpaHCTB) 
b paBHOMepHO rjia^KOM X HBjiaeTcs: «6bictpoh» IIC (cm. onpe^ejieHiie 3 h TeopeMy 3 b [2J). 
AHajiorHHHoe yTBepxcfleime BepHo fljia AllCn. KaK cjie^yeT 113 ^oxasaTejiBCTBa TeopeMBi 
13.44 (3) =>■ (1), Kaac^aH AllCn 5 b paBHOMepHO rjia^KOM X HBjiaeTca «6bictpoh» IlCn 
(Hanie onpe^ejieHHe corjiacoBaHo c onpe^ejieHHeM 3 b |2]): cymecTByioT C > h A G (0, 1) 
TaKHe, hto fljia npon3BOJiBHoro a; G A cymecTByeT HHT-eKTiiBHoe oTo6pa>KeHiie k 1— > n(k) 
h sjieMeHTBi j/fc G A n ( fc ) TaKHe, hto a; = Y^=iUk H llz/fell ^ CA fe ||a;||, k ^ 1. 

PaccMOTpHM TenepB AllCn b rnjiB6epTOBBix npocTpaHCTBax; KaK mbi yBii^HM ^ajiee, 
KpHTepnii fljia AllCn b rHjibGepTOBBix npocTpaHCTBax npno6peTaeT reoMeTpuHecKyio Ha- 
rjia^HOCTB (cm. TaiQKe TeopeMBi 1,2 b [8]). MraK, nycTB X rnjiB6epTOBO. Tor^a X* mojkho 
OTo>K^;ecTBHTB c X: <£>(•) = (• , if) . S jiBjisieTCJi AllCn b X Tor^a h tojibko Tor^a, Kor,n;a 
cymecTByeT e > Taxoe, hto ^jih npon3BojiBHoro if G Vx cymecTByeT x G D(S) TaKofl, 
hto \{x,<f)\ ^ e. 

TeopeMa 3.5. Hycmt r > 0, e G (0,1]. Cjiedymvuue ycjioeua paenocuAbHu: 

(1) c?/i^ npou360AbHozo if G Vx cymecmeyem x G -D(S') manou, umo \{x,f)\ ^ e ; 

(2) tD(S) RBAfiemctt yl + r 2 — 2TE-cembm 8am Vx- 

JJoKasameAbcmeo. fl,Jis npoH3BOJiBHBix G Vx,x G ^(S 1 ) HMeeM — tx\\ 2 = 1 + r 2 — 
2rRe(x, H3 stoto paBeHCTBa ohcbh^hbim o6pa30M cue^yeT HyjKHoe yTBepac^eHne. □ 

Cjie/i,CTBHe 3.1. IJycmb r > 0. CucmeMa nodnpocmpaHcme S neAHemcsi AIJCIJ e X mo- 

zda u moAbKO mozda, Kosda cymecmeyem A G (0, vT+r 2 ) maKoe, umo tD(S) sieAHemcH 
X-cembm 3aa Vx- 

3.2. 06 oflHOM CBoftcTBe AIICII. nepe^ TeM, KaK ccpopMyjinpoBaTB h ^oKa3aTB cjie^y- 
romyio TeopeMy, HanoMHHM onpe^ejieHne C-BBinyKjioro npocTpaHCTBa h HeKOTopBie cboh- 
CTBa C-BBinyKjiBix npocTpaHCTB. 
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IlycTb Y — 6aHaxoBo npoerpaHCTBo Hafl R. 06o3HaHHM cq(M) MHoacecTBo nocjie,n,OBa- 
TejibHOCTett £ = (zi, Z2, ■ ■ • ), Zf. G R, ^jih kotopbix z k — > npn — >■ oo, c HopMoii 
||£|| = sup fc \zf-\. Y Ha3BmaeTca C-BBinyKjiBiM, ecjrn Co(M) He hbjihctch cphhhtho npe,n;- 
CTaBHMBiM b Y (cm., HanpHMep, naparpacpBi 5.1, 5.2 khhth [Tl] h 6n6jiHorpa(pHio b KOHire 
naparpacpa 5.2). /Ijih HaTypajibHoro n onpe,n;ejiHM 

(3 ' 4) 

C(n,Y) = inf | max ||| ctfc2/fc || | ac k = ±1, 1 ^ k ^ n\ \y k eY, \\y k \\ ^ 1, 1 ^ k ^ n 

B H3 jieMM 5.2.1, 5.2.2 h TeopeMbi 5.2.2 khhth [TT] cjie^yeT, hto K C-BBinyKjio Tor^a h 
TOJibKo Tor^a, Kor^a C(n, Y) — > oo npn n — >■ oo. 

IlycTb Y — 6aHaxoBo npocTpaHCTBo Hafl C. 06o3HaHHM cq(C) MHoacecTBo nocjie^oBa- 
TejibHocTett £ = (^i, Z2, ■ ■ ■), %k £ C, fljia KOTopbix — >• npn — > oo, c HopMoii 
||£|| = sup fc \z k \. Y Ha3bmaeTca C-BbinyKjibiM, ecjiH co(C) He HBjisieTCH cphhhtho npe^cTa- 
bhmbim b Y. HaTypajibHoro n onpe^ejiHM C(n, Y) cpopMyjioii (I3.4P ; BejiHHHHy Cc(n, Y) 
cpopMyjiofi (13. 4p . tojibko MaKCHMyM GepeTCH no \a k \ = l,ct k G C. IlepeHocH jieMMbi 5.2.1, 
5.2.2 h TeopeMy 5.2.2 KHHrn [11] Ha cjiynafi KOMnjiexcHbix npocTp aHCTB , nojiymiM, hto Y 
C-BbinyKjio Tor^a h TOJibKo Tor^a, Kor^a Cc(n,Y) — > oo npn n — > oo. IIocKOJibKy ^jih 
npoH3BOjibHbix «!, . . . , a n G C, |«fe| ^ 1 h npoH3BOjibHbix jji, . . . , y n G y 



n n 



liy^afcZ/fcll < || y^Re(a fc )y fc || + || y^Im(afc)j/ fe || < 2 max . || V" PkUk\\, 
fe=i fc=i fc=i fc=i 

to Cc(n, Y) ^ 2C(n, Y), a nosTOMy K C-BBinyKjio Tor^a h TOJibKo Tor^a, Kor,n;a C(n, Y) — > 
oo npn n — >■ oo. 

,H,jih IcN o6o3HaHHM min (J) HaHMeHBiHHH sjieivreHT MHoxcecTBa I. 

TeopeMa 3.6. IJpednoJioafcuM, nmo X* C -eunyKAo. EcauS — AITCIJ e X , mo cyu^ecmey- 
em N , maKoe, umo 3ah npou360At>H020 KOHeunozo I G N, ydoeAemeopsuoi^eao min(J) ^ 
A^o, cucmeMa nodnpocmpaHcme X k , k ^ I sieAMemcji AJJCn e X . 

TeopeMa 13.61 oneBH^HbiM o6pa30M cjie^yeT H3 cjie^yioHi;eH JieMMbi. 

JleMMa 3.2. Ylycmb I\, I2, ■ ■ ■ — nodMHoofcecmea N, m G N. IIpednoAoofcuM, Kaotcdoe na- 
mypaAbHoe n npunadAecHcum ne 6oAee ueM m MHOotcecmeaM Ij . Tosda 3asi HeKomopozo j 
cucmeMa nodnpocmpancme X k , k ^ Ij siejisiemcsi ATICTI e X . 

floKaaameAbcmeo. CymecTByeT e > 0, ^jih KOToporo BbinojiHeHo fl3.ip . npe^nojiojKHM, 
yTBep>K^eHHe JieMMbi HeBepHO. Tor^a ^jih npoH3BOJibHoro j cymecTByeT ipj G X*, \\ipj\\ = 

1, TaKOH, HTO ||v5j' S '' C ' ) || ^ 2 _J ^JIH BCeX k ^ Ij. PaCCMOTpHM npOH3BOJIBHOe n G N. 

CymecTByioT ai,...,a n G {±1}, kotopbix || $^^=1 ^j'Vjll ^ C(n,X*). Onpe^ejiHM 
ip = Y^j=i a j i Pj- Tor,n;a ||y?|| ^ C(n,X*) h ^jih npoH3BOJiBHoro k W^'^W ^ Y^=i W^f'^W ^ 
m + 1. H3 HepaBeHCTBa ( 13. ip cjie^yeT m + 1 ^ eC(n, X*), hto, b cnjiy npoH3BOJibHocTH n, 

npOTHBOpeHHT C-BbinyKJIOCTH X*. □ 
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3.3. yCTOHHHBOCTfa AnCII. 

TeopeMa 3.7. Ecjiu S sie/isiemcsi ATICU e X , mo cymecmeyem S > maKoe, umo npou3- 
eoAbnan cucmejua S = (X;Xk, k ^ 1), ydoeAemeopMWU^aA sup fc po(Xk, X^) < 5, nejisiemcH 

Ancn ex. 

r Z(oKa3ameA'bcm60. IlycTB e > Taxoe, hto BbinojiHeHo HepaBeHCTBo (13. ip . IloKa>KeM, hto 
ecjiH fljia cHCTeMbi no,zinpocTpaHCTB S d = sup fc po(Xk, Xf.) < e, to S aBjiaeTcs AllCn b X. 
Bbi6epeM s\ < e,d\ > d, npineM d\ < E\. PaccMOTpiiM npoH3BojibHBiH ip e X*, \\ip\\ = 1. 
CymecTByeT fceNnie A% \\x\\ = 1, Taxne, hto |<£>(x)| ^ E\. CymecTByeT x G A^, fljia 
KOToporo ||a; — x|| ^ d\. HMeeM 

|p(z)| ^ |p(z)| - - z)| ^ (ei - tii), Pll < (1 + di), 

OTKy^a H^'^H ^ (ei - di)/(l + d x ). IIosTOMy S — AUCU b X. □ 
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